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Abstract of Objectives 


We have developed techniques for the preparation and preservation of 
pure ozone which have enabled its absolute cross section at important 
mercury-line reference wavelength 253.7 nm and at iron line wavelengths 
238.3, 245.8 and 263.7 nm to be determined at the temperatures 293, 228 and 
195 K. Specially constructed absorption cells are used together with 
existing spectrometers and associated equipment and light sources which 
have already been employed successfully to study the absolute cross section 
of ozone at longer wavelengths. This determination of the temperature 
dependence of the absolute cross section at 238.3, 245.8, 253.7 and 263.7 
nm permit renormalization of the full relative cross sections for ozone 
between 240 nm and 350 nm. A tabular and computer accessible form of the 
ozone cross sections data has been made at 5 cm! intervals. These 
absolute cross sections and their temperature dependence are needed for 
accurate calculations of the atmospheric transmission in the visible and 


near ultraviolet regions. 


2. troductio 


The atmospherically important molecule ozone occurs in the troposphere 
and stratosphere where the temperature ranges approximately from 200 K to 
300 K. Accurate calculations of the atmospheric transmission in the 
visible and near ultraviolet regions therefore require laboratory values of 
the absorption cross section of ozone and its temperature dependence. In 
the usual method of determining the absorption cross section o(A) of a 
molecule, the formula 

In Io(A)/I(A) = No(A) (1) 


is used in which the measured quantities are the ratio of the incident flux 


Ee PIE TO EE et, Pr ae - pen . e = i a 


Ig({A) to that transmitted I(A) through the gas and the column density N of 
absorbing molecuies. In the application to czone the major difficulty has 
been that the ozone column density is generally not obtainable directly 
from measurements of the total pressure, because ozone is difficult to 
prepare free from oxygen and because it decomposes, especially under 
irradiation, into oxygen. However, we have found that, when special 
precautions are taken to prepare pure ozone and to prevent its subsequent 
decomposition, the column density can be obtained accurately from 
measurement of the total pressure, which can be used with measurements of 


the optical depth to yield accurate absorption cross sections of ozone. 


In the present research, we have measured the avsolute cross sections 
of ozone at 293 K, 228 K, and 195 K at the important mercury-line reference 
wavelength of 253.7 nm. Many cross section measurements of ozone have been 
made relative to the cross section at this wavelength. However, existing 
measurements of the absolute cross section at 253.7 nm are adequate only at 
room temperature and are unsatisfactory at lower temperatures. The 
determination of the temperature dependence of the absolute cross section 
at 253.7 nm would permit many relative cross section measurements in other 
wavelength region, such as of Bass and Paur (1981, 1985) and our own 


(Freeman et al., 1981), to be put on a firm absolute basis. 


In addition to this investigation at 253.7 nm, which is the usually 
accepted reference wavelength, we have measured the cross sections of ozone 
and their temperature dependences at the wavelengths 238.28, 245.83 and 
263.66 nm, at the same temperatures (293 K, 228 K and 195 K) at which the 
study at 253.7 nm is conducted. The results have been combined with the 
absolute cross sections of ozone at several discrete wavelengths in the 


region 289-335 nm made earlier. These results permit renormalization of 


the full relative cross section of ozone between 240 and 350 nm. We have 
constructed a tabular computer-accessible array of ozone cross sections at 


intervals of 5 cm™!. 


3. Absorption Cross Section Measurements of Ozone 
3.1 Qzone Absorption Cel] and Preparation of Ozone 


A specially designed ozone absorption cell, made primarily of Pyrex 
glass but possessing fused silica windows, has been constructed. The 
vacuum-tight cell has been out-gassed by baking under vacuum, and 
passivated by prolonged exposure to ozone. The entire ozone column is 
cooled to 228 K or 195 K by immersing the cell in stirred methanol which is 
cooled by a cold finger connected to an external refrigeration unit. The 
experimental arrangement is shown in Fig. 1. Tubes with silica windows at 
each end are mounted to the end of the absorption cell. The tubes are 
evacuated ts prevent condensation of atmospheric water on the cooled 


windows and also to provide thermal insulation. 


Ozone is prepared from pure oxygen (Airco grade 4.5 passed through a 
liquid nitrogen trap) at 78 K in a Tesla discharge, by cooling liquid ozone 
at 78 K, and purifying it by pumping off residual oxygen from the 
oxygen/ozone mixture at 78 K. The ozone was not stored on silica gel 


because it absorbs not only ozone but also oxygen. 


3.2 Qptical Depth Measurements 


The background continuum is provided by a hydrogen discharge lamp that 
is connected to the entrance slit assembly of a 0.3 m Czerny-Turner 


monochrometer. The hollow cathode or mercury lamp are set behind the 


hydrogen discharge lamp and are used to locate the required wavelengths. A 
thermally controlled mercury lamp is also used as the background source at 
253.7 nm. Slit heights are limited to 2 mm to cut down scattered light 
which is estimated tc be about 2% with continuum radiation as the 
background source. At 253.7 nm, the mercury line is also used as 


background radiation in which case there is negligible scattered light. 


The incident intensity (To) was measured after ozone in the absorption 
cell was pumped out through traps cooled with liquid nitrogen. Ozone 
trapped at liquid nitrogen temperature has a vapour pressure of 2.5 m Torr 
at 78 K (Hanson and Mauersberger, 1986) and was measured as 3 m Torr in our 
experiment. It should be noted that with 2.5 m Torr of ozone in the 10 cn 
cell about 1% absorption is expected at 253.7 nm where the cross section of 
ozone is 1.15x1l0-!7 cm?. This significant absorption was taken into 


account when the incident intensity Iq was measured. 


4. Results 


The absolute cross sections at the wavelengths 238.28, 245.83, 253.73 
and 263.66 nm have been measured at 295 K, 228 K and 195 K. Those numbers 
are listed in Table 1 with the absolute cross sections measured previously 
for the longer wavelength region. All measurements except the one at 253.7 
nm were obtained with the background continuum radiation from a hydrogen 
discharge or xenon arc. The optical depth, ln I9/I, has been limited to 
the range 2.0-0.5 in the entire set of measusements. The 0.7% uncertainty 
in the cross sections arises from the statistical scatter of 0.3-0.5% in 
the optical depths, uncertainty of 0.2% in the optical path length, 
uncertainties of 0.1-0.4% in the temperatures, and an uncertainty of 0.5% 


in the pressure measurement. Another possible source of error is the 


purity of ozone which we assumed to be 100% pure to obtain the column 


density. 


The absorption cross section of ozone at five mercury wavelengths are 
compared with those of previous work in Table 2, where only photoelectric 
measurements are collected. The agreement is reasonable at most 
wavelengths. All measurements are scattered within 2.5% of the average 
values but the values by Molina and Molina (1986) are slightly higher than 
other measurements, though by less than 1%. Without the values of Molina 
and Molina, all would agree within 1.5%. It should be emphasized that it 
is very difficult to achieve better than 1% uncertainty in photoabsorption 
cross section measurements and an additional problem is presented in the 
case of ozone because of its tendency to decompose. This agreement with 


many different techniques is quite satisfactory. 


The values of the absolute cross sections of ozone at 195 K are 
compared with those from the our published relative cross section 
measurements throughout the region 238-344 nm (Freeman et al., 1984}. The 
ratio of the absolute to the published numbers are listed in the sixth 
column of Table 1 of Quarterly Status Report No. 9. The cubic 
least-squares fit to those ratio leads to the smooth conversion factors for 
every wavelength and the conversion factors put our published numbers on an 
absolute bases. The results are shown in Table 3 at intervals of 5 cm"! 
throughout the region of measurements and also are plotted in Fig. 2. In 
the same table, the calculated cross sections at 195 K from the parameters 
supplied by Bass are listed and their ratios are also listed in the same 
table. The calculated cross sections at 195 K by Bass are also plotted in 


Fig. 3. Except for the very longer wavelengths, both sets of numbers agree 


within 2-.%. In the longer wavelengths where band structures appea, 


differences increase to around 20%, especially at the minimum absorption of 
the bands. We believe that the differences in the longer wavelengths are 
due to the limited sensitivity of Bass's technique for such weak 


absorption. 


5. Presentations 
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Absolute Absorption Cross Section Measurements of Ozone in the 
Wavelength Region 238-335 nm and the Temperature Dependence, K. Yoshino, 
O.E. Freeman, J.R. Esmond, and W.H. Parkinson, Planet. Space Sci., accepted 


for publication. 
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K. Yoshino 
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and Optical Physics 
High Resolution Absorption Cross Sections of Atmospheric 
Molecules in the Wavelength Region 175-350 nm 
K. Yoshino, D.E. Freeman, A.S.-C. Cheung, J.R. Esmond and 


W.H. Parkinson 


6/2-4/87 The 10th Annual Review Conference, AFGL, Bedford, MA 
Absolute Absorption Cross Section Measurements of Ozone and the 
Temperature Dependence 


K. Yoshino, D.E. Freeman, and W.-H. Parkinson 


6/15-19/87 42nd Symposium on Molecular Spectroscopy 
Absolute Absorption Cross Section Measurements of Ozone and 
the Temperature Dependence. 
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Table 1. Absorption Cross Sections of Ozone, in Units of 107% cm? 


CO 


Wavelength (nm) Cross Sections4 
Vacuum Air x 295 K 228 K 195 K 
238.2762 238.2035 18 7.45 [15] 7.51 [15] 7.51 [52] 
245.8341 245.7597 17 1.010 {91 1.006 l11: 1.017 ‘9! 
253.7279 253.6517 17 1.144 [8] 1.154 [10] 1.152) 210° 
253.7279 253.6517 (Hg) 17 1.145 {26} 1.155 [18) 1.151 (15) 
263.6594 263.5809 18 9.71 ig] 9.66 9° 9.64 Lt 
272.1708 272.0902 18 6.82 4] 6.70 <a §.67 re 
281.4115 281.3286 18 3.52 6) 3.31 4) 3.30 1 
289.4446> 289.3598 18 1.488 ‘5! 1.402 (4! 1.399 (5) 
296.8150° 296.7284 19 5.97 "6! 5.60 [4/ 5.50 25. 
302.2380° 302.1500 19 2.91 5) 2.65 167: 2558 3 
314.2242 314.1332 20 5.86 5 4.36 5 1.350 5 
322.1649 322.0719 20 2.39 6! ple es) vas 22.2.0 3 
334.2442> 334.1481 2L 4.37 '31 3.11 (3) 2.33 3 
344.3526 344.2539 21 1.132 :31 0.974 {3, 0.843 93 


4The numbers in the brackets are the numbers of optical depth measurements. 


‘Cross sections were presented previously [Freeman et al., 1985 . 


Table 2. Absorption Cross Sections of Ozone in Units of 10-* cm?, 
at Hg I Wavelengths 


x=17 18 19 19 21 
Temperature 
K Cross Section 
A253.6 A289 .3 A296 .7 A302.1 A334.1 
ee eee 
YFEP® (1988) 295 1.145 1.488 5.97 2.91 4.37 
228 1.155 1.402 5.60 2.65 3.11 
MMP (1986) 298 1.157 1.540 6.229 3.027 4.46 
226 1.166 1.468 5.766 2.720 34-22 
MBHMS (1986) 297 1.137 
BM? (1987) 297 1.136 
221 1.144 
BPe (1985) 298 1.501 6.07 2.94 4.7 
228 1.423 5.59 2.64 3.5 
MBD£ (1985) 298 1.436 5.83 2.83 4.28 
Hs (1961) 294 1.147 1.47 §.971 2.860 4.27 
It (1953) 295 1.140 1.46 5.76 2.84 §.22 


a 


29Yoshino, Freeman, Esmond and Parkinson, present work 
‘Molina and Molina (1986) 

SMauersberger, Barnes, Hanson and Morton (1986) 
9Barnes and Mauersberger (1987) 

*Bass and Paur (1985} 

'Malicet, Brion and Daumont (1985) 

SHearn (1961) 

Inn and Tanaka (1953) 
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